
laj{kkRed dksfVaXllaj{kkRed dksfVaXl
leqæh la{kkj.k ls laj{k.kleqæh la{kkj.k ls laj{k.k

izkS|ksfxdh fo'ks"k
MhvkjMhvks dh laLFkkxr 

,l ,.M Vh if=dk

www.drdo.gov.in/prodhyogic-vishesh [kaM 13 vad 1] tuojh&Qjojh 2025[kaM 13 vad 1] tuojh&Qjojh 2025 ISSN: 2319-5568ISSN: 2319-5568



2 3

izkS|ksfxdh fo'ks"k

[kaM 13] vad 1] tuojh&Qjojh 2025

tuojh&Qjojh 2025
[kaM 13 vad 1

eq[; laiknd%    fdj.k pkSgku

lg eq[; laiknd% %  lq/kka'kq Hkw"k.k

laiknd% %  nhfIr vjksjk

lgk;d laiknd% /keZ ohj
vuqoknd% vuqjkx d';i

laiknd] çkS|ksfxdh fo'ks"klaiknd] çkS|ksfxdh fo'ks"k

j{kk oSKkfud lwpuk rFkk çys[ku dsaæ ¼MslhM‚d½
esVdkWQ gkml] fnYyh&110054

VsyhQksu % 011&23902403] 23902472 

QSDl % 011&23819151] 011&23813465
Ã&esy % director.desidoc@gov.in; techfocus.desidoc@gov.in; 

technologyfocus@desidoc.deldom
baVjusV % http://www.drdo.gov.in/prodhyogic-vishesh

orZeku vad] Technology Focus, Vol 33, Issue 1, January-February 
2025, dk fganh vuqokn gSA

vkxjk %vkxjk %		  Jh ,l ,e tSu] ,MhvkjMhÃ

vgenuxj %vgenuxj % 	 duZy vrqy vkIVs] Jh vkj , 'ks[k] ohvkjMhÃ

vacjukFk % vacjukFk % 	 M‚ x.ks'k ,l <ksys] ,u,evkj,y

csaxyw: % csaxyw: % 		 Jh lriky Çlg rksej] ,MhbZ 
		  Jherh ,e vkj Hkqous'ojh] dSCl 
		  Jherh , th ts Qghek] ds;j 
		  Jh vkj deykdUu.k] lsehysd 
		  MkW lafprk fly ,oa MkW lq/khj ,l dkEcys] Mscsy
		  MkW oh lsafFky] thVhvkjÃ 
		  Jherh lkbZek c'khj] ,yvkjMhÃ 
		  M‚ lq'kkar {k=s] ,eVhvkjMhlh

paMhx<+ % paMhx<+ % 		 MkW iky fnus'k dqekj] Vhchvkj,y
		  MkW vuqtk dqekjh] MhthvkjbZ

psUuÃ % psUuÃ % 		  Jh ds vack>xu] lhohvkjMhÃ

nsgjknwu %nsgjknwu % 	 Jh Mhih f=ikBh] Mhy 
		  M‚ ,l ds feJk] vkÃvkjMhÃ

fnYyh % fnYyh % 		 Jh gsear dqekj] lhQhl 
		  M‚ nhfIr çlkn] fMikl  
		  Jh larks"k dqekj pkS/kjh] MhvkÃihvkj 
		  Jh uohu lksuh] buekl 
		  MkW #is'k dqekj pkScs] ,l,lih,y 

Xokfy;j % Xokfy;j % 	 M‚ , ds xks;y] MhvkjMhÃ

gYnokuh %gYnokuh % 	 M‚ vrqy xzksoj] fMcsj 
		  M‚ jathr Çlg] fMcsj

gSnjkckn % gSnjkckn % 	 Jh ujflEgkpkjh] Mh,yvkj,y
		  Jh ,l 'k'kh ukFk] Mh,evkj,y
		  Jh Jhfuokl tqyq:] MhvkjMh,y

tksèkiqj % tksèkiqj % 		 Jh Mh ds f=ikBh vkSj M‚ ;kstuk tkuw] Mh,y

dkuiqj %dkuiqj % 		 MkW eksfgr dfV;kj] Mh,e,lvkjMhÃ

dksfPp % dksfPp % 		 Jhefr yrk ,e ,e] ,uihvks,y

ysg % ysg % 		  M‚ 'ksÇjx LVksCMu] fngkj

eSlwj % eSlwj % 		  M‚ ,e ikyeq:xu] MhvkbZchVh

iq.ks %iq.ks % 		  MkW x.ks'k 'kadj MksECks] ,pÃ,evkj,y
		  Jh vt; dqekj ikaMs;] ,vkjMhÃ  
		  M‚ vuwi vkuan] vkj ,.M MhÃ ¼Ã½

rstiqj % rstiqj % 		 M‚ ,l ,u nÙkk] Mhvkj,y 

LFkkuh; laoknnkrk LFkkuh; laoknnkrk 
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I am immensely proud to highlight the groundbreaking advancements in protective 
coatings technology developed by the scientists at the Naval Materials Research 
Laboratory (NMRL), Ambernath. This pioneering research not only underscores our 
commitment to excellence but also represents a crucial step forward in ensuring the 
longevity and resilience of Naval assets and other Defence infrastructure. 

The importance of protective coatings cannot be overstated. These innovations play a 
critical role in safeguarding various naval platforms, including ships and submarines, 

from the harsh marine environment, significantly enhancing operational life, reliability and performance. 
The research and development efforts at the NMRL have led to the creation of advanced coatings that are 
designed to withstand extreme conditions such as corrosion and biofouling. These coatings, developed using 
state-of-the-art materials and nanotechnology, are among the finest examples of indigenous solutions for 
the Indian Navy and the broader defence sector.

Our focus on protective coatings is not limited to enhancing the lifespan of Naval assets but also contributes 
to cost efficiency, reducing the need for frequent maintenance and ensuring readiness for operational tasks. 
These innovations are also aligned with our national objectives of self-reliance in defence technologies, 
as articulated under the 'Make in India' initiative. By leveraging home-grown expertise and cutting-edge 
research, we are reducing dependency on foreign technologies and fostering a culture of innovation within 
our Defence ecosystem.

The teams at NMRL have demonstrated exceptional dedication, creativity, and technical prowess in 
developing these coatings, which stand as a testament to our capability to lead in specialized fields of 
materials science. Their efforts are directly contributing to the modernization of India's Defence capabilities 
and ensuring the safety and effectiveness of our armed forces.

As we continue to push the boundaries of technology, it is crucial to recognize the collaborative spirit and 
passion for innovation that drives these successes. I extend my congratulations to the NMRL team and 
encourage them to continue their pioneering work, which is setting new standards for the Defence sector.

Together, we are forging a stronger, more resilient future for India’s defence infrastructure, and I am 
confident that the advances made by NMRL in the fields of protective coatings will serve as a cornerstone 
for further innovations in the years to come.

RV Hara Prasad 
                                                                                              Distinguished Scientist and DG (NS&M)

From the Desk of Special Editor
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Corrosion is regarded as a slow creeping enemy to all of us and it is affecting our day-
to-day lives. Military assets like warships, submarines, weapons, platforms, arms, 
ammunition, off-shore installations, bridges, sensors, etc. are exposed to very harsh 
corrosive environment. Corrosion is a huge problem not only for civilian sector but also 
for the armed forces as the war equipment are deployed in very aggressive environments 
which causes significant stress on them. Corrosion leads to disintegration of almost 5 
tons of steel every second worldwide and about 40 % of all produced steel is used to 
replace corroded steel.

The cost of corrosion is huge for our nation and we are spending @ 4.2% of GDP in combating corrosion. 
It’s a big issue for the armed forces as we spend nearly 25 % of the budget allocated for maintenance on 
corrosion management alone. If we can address some part of it, it is going to provide big saving not only in 
the expenditure but it will also lead to longer life of military assets, increased availability, improved safety, 
and employment of lesser number of crew.  

Military assets face complex operating environments which triggers all possible types of corrosion to include 
general corrosion (of metals in the corrosive media like seawater, chemicals, acids, gases), galvanic corrosion, 
bio-fouling driven corrosion, graphitisation of cast iron, stress corrosion, dezincification, fretting corrosion, 
pitting corrosion, intergranular corrosion, corrosion fatigue, biofouling and microbial influenced corrosion, 
etc. 

Naval Materials Research Laboratory (NMRL) since its inception in 1953 has contributed extensively in 
the field of corrosion protection of assets of Indian Navy. NMRL has been providing solutions for corrosion 
protection needed by our Armed Forces and has successfully developed Coatings which includes speciality 
paints, complex concentrated alloy powders and nano crystalline amorphous powders, Surface treatments, 
Corrosion-resistant materials, Corrosion inhibitors, Sacrificial anodes, Electrochemical protection which 
includes Impressed Current Cathodic Protection (ICCP) and Active Shaft Grounding (ASG), etc. Today, 
Indian Navy’s warships, submarines and Indian Coast Guard ships are protected by the anti-corrosion 
technologies provided by the NMRL.

This issue of Technology Focus highlights NMRL’s contributions towards development of various corrosion 
protective technologies.  

From the Desk of Guest Editor

Prashant Rojatkar
                                                                                              Outstanding Scientist and Director, NMRL
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ukSlsuk lkexzh vuqla/kku ç;ksx'kkyk ¼,u,evkj,y½] 
vacjukFk] j{kk vuqla/kku ,oa fodkl laxBu ¼MhvkjMhvks½ 
dh lcls iqjkuh vuqla/kku ,oa fodkl ç;ksx'kkykvksa 
esa ls ,d gS] tks Hkkjrh; ukSlsuk ds fy, vR;k/kqfud 
lkexzh vkSj ÅtkZ ç.kkfy;ksa ds fodkl ds fy, lefiZr 
gSA 1953 esa eqacbZ esa M‚d;kMZ ç;ksx'kkyk ds :i esa 
bldh LFkkiuk gqbZ Fkh] tgka bldk eq[; dk;Z bZa/ku 
vkSj rsy ds uewuksa dk ijh{k.k djuk vkSj Hkkjrh; 
ukSlsuk dks rduhdh lgk;rk çnku djuk FkkA /khjs& 
/khjs] ç;ksx'kkyk dk /;ku csM+s dh lgk;rk ls gVdj 
vk;kr çfrLFkkiu vkSj vuqla/kku ,oa fodkl dh vksj 
LFkkukarfjr gqvkA bl cnyko us mPp 'kfä okys 
LVhy] ihtks&dEiksftV~l] fo'ks"k dksfVaXl] vkSj i‚fyej 
tSlh mUur lkefxz;ksa ds fodkl dk ekxZ ç'kLr fd;kA 
lkexzh vuqla/kku ,oa fodkl esa fo'ks"kKrk gkfly 
djus ds lkFk&lkFk vusd mRiknksa ds lQy fodkl 
us ç;ksx'kkyk ds dk;Z{ks= dk foLrkj fd;k] ftlds  
ifj.kkeLo:i 1995 esa bldk uke cnydj ukSlsuk 
lkexzh vuqla/kku ç;ksx'kkyk j[kk x;kA 

,u,evkj,y dh eq[; {kerkvksa esa ls ,d ukSlsuk 
IysVQkeksaZ dks la{kkj.k vkSj QkSfyax ls cpkus ds fy, 
dksfVax çkS|ksfxfd;ksa dk fodkl gSA leqæh dksfVaXl 
ukSlSfud tgktksa esa mi;ksx gksus okyh lkefxz;ksa dh 
j{kk ds fy, ,d lqj{kk dop dk dke djrs gSa] ftlls 

mudh vk;q c<+rh gS vkSj os csgrj çn'kZu djrs gSaA 
vk;kfrr ,Mekj ,aVh&dksjksflo isUV ds Lons'khdj.k ls 
'kq: gksdj] ç;ksx'kkyk yxHkx lkr n'kdksa ls la{kkj.k 
laj{k.k dksfVaXl ds fodkl esa yxh gqbZ gSA

LVhy tgkt fuekZ.k esa lcls vf/kd mi;ksx dh 
tkus okyh lkexzh gS D;ksafd ;g etcwr] VwV&QwV  jks/kh 
vkSj lLrh gSA LVhy ,d tgkt ds dqy otu dk 
yxHkx 80% fgLlk cukrh gSA ;q)iksr vkSj iuMqfCc;ka 
leqæh ty esa rSukr jgrs gSa] tks i`Foh ij ik, tkus 
okys lcls la{kkjd rjy inkFkksaZ esa ls ,d gSA leqæh 
ty vkSj yo.kh; vknZz ok;q dh mifLFkfr ;q)iksrksa 
vkSj iuMqfCc;ksa ds fofHkUu fgLlksa ds la{kkj.k ds fy, 
vuqdwy okrkoj.k cukrh gSA 

la{kkj.k lkexzh vkSj mlds vkl&ikl ds okrkoj.k 
ds chp çfrfØ;k ds dkj.k lkexzh ds {kj.k dh ,d 
çfØ;k gSA leqæh dksfVaXl dk çkFkfed dk;Z tgktksa 
dks [kkjs leqæh ty vkSj dBksj leqæh okrkoj.k ds 
fujarj laidZ ls çsfjr la{kkj.k ls cpkuk gSA ;s dksfVaXl 
,d lqj{kkRed baVjQsl cukrh gSa tks leqæh ty vkSj 
/kkrq lClVªsV ds chp lh/ks laidZ dks jksdrh gSa] çHkkoh 
:i ls la{kkjd ,tsaVksa ds ços'k dks de djrh gSa 
ftlls la{kkj.k dks U;wure fd;k tkrk gSA tgktksa vkSj 
iuMqfCc;ksa ds fofHkUu {ks=ksa dks dbZ çdkj ds la{kkj.k ls 
lqj{kk dh vko';drk gksrh gSA leqæh ty ds yxkrkj 

laj{kkRed dksfVaXl 
leqæh la{kkj.k ls laj{k.kleqæh la{kkj.k ls laj{k.k
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lqj{kkRed dksfVax fodkl ç;klksa dks fuEufyf[kr 
rjhds ls esa laxfBr fd;k x;k gS%

●● lsokvksa esa 'kkfey fd, x, isaV@dksfVaXl
●● ç;ksxdrkZ ijh{k.kksa dks lQyrkiwoZd iwjk fd, 
x, isaV~l@dksfVaXl

●● ,u,evkj,y }kjk fodflr vU; isaV@dksfVaXl

;q)iksrksa vkSj iuMqfCc;ksa ds fy, 
,u,evkj,y }kjk fodflr 
lqj{kkRed dksfVaXl

laidZ esa jgus ds dkj.k gy og eq[; dsaæ gS] tgk¡ 
lkekU; la{kkj.k vkSj fifêax la{kkj.k lajpuk dks gkfu 
igq¡pk ldrs gaSA lw{ethoh tho vkSj ck;ksQkmfyax 
vartZyh; gy esa la{kkj.k dh leL;k dks vkSj c<+k nsrs 
gSaA vf/kjpuk vkSj Msd {ks= vke rkSj ij leqæh ty] 
ueh] vkSj yo.k ls Hkjh gok ds laidZ esa vkrs gSa ftlls 
tax yx tkrk gSA xSYosfud la{kkj.k ,d vkSj [krjk gS] 
[kkldj osYMsM {ks=ksa ds fy,A cSykLV VSad esa la{kkj.k 
dk [krjk gksrk gS D;ksafd os leqæh ty ls Hkjs gksrs 
gSaA çksisyj 'kk¶V lhy {ks=ksa esa fifêax la{kkj.k çeq[k 
gSA fcYt {ks= esa vDlj ikuh vkSj rsy ds feJ.k dk 
lap; gksrk gS] vkSj tax yxus dk [krjk cgqr vf/kd 
gksrk gSA çksisyj CysM mu {ks=ksa esa fifêax la{kkj.k dk 
lkeuk djrs gSa tgk¡ fuekZ.k pj.k ds nkSjku ejEer dk 
dke fd;k tkrk gSA ck;ksQkmfyax] tyeXu lrgksa ij 
'kSoky vkSj ckukZdy tSls leqæh thoksa dk lap;] MªSx 
dks c<+krk gS vkSj tgkt dh bZa/ku n{krk dks de djrk 
gSA iuMqCch ds cSVjh dEikVZesaV tSls {ks=ksa esa vfrfjä 
pqukSfr;k¡ mRiUu gksrh gSa] tgk¡ cSVjh ,flM ds Nydus 
ds dkj.k la{kkj.k gksrk gSA

Åij of.kZr la{kkj.k ds eqíksa ds vykok] ;q)iksrksa 
vkSj iuMqfCc;ksa esa dqN fo'ks"k dk;kZRed vko';drk,¡ 
gSa] tSls u‚u&fLdM lrgsa] jMkj LVsYFk] vfXu lqj{kk] 
LoPNrk] ghV  bUlqys'ku] vi{k; çfrjks/k] vkfnA mi;qZä 
eqíksa dks lacksf/kr djus ds fy,] ,u,evkj,y us fo'ks"k 
dksfVaXl dh ,d foLr`r J`a[kyk fodflr dh gSA eq[; 
:i ls ;q)iksrksa vkSj iuMqfCc;ksa ds fy, ,u,evkj,y 
}kjk fodflr lqj{kkRed dksfVax çkS|ksfxfd;ksa dk o.kZu 
fuEufyf[kr vuqHkkxksa esa fd;k x;k gSA

fodflr lqj{kkRed dksfVaXl
●● vartZyh; gy% la{kkjd&jks/kh dksfVax] Qkmfyax 
fjyht dksfVax] vartZyh; vuqç;ksx ds fy, isaV

●● ¶ykbV&Msd% u‚u&fLdM isaV
●● lqijLVªDpj% mPp çn'kZu ckgjh isaV] jMkj 
vo'kksf"kr isaV

●● batu d{k% baVîwlsaV vfXujks/kh isaV] lsYQ&Dyhfuax 
dksfVax

●● Msd {ks=% lw[ks vkSj xhys {ks=ksa ds fy, vksojys dksfVax
●● fcYt {ks=% foyk;d eqä ,i‚Dlh dksfVax] 
uSuks&lkexzh vk/kkfjr fcYt dksfVax

●● cSVjh fiV% ,flM çfrjks/kh isaV] jcj dksfVax
●● iuMqCch gy% /ofud jcj VkbYl 
●● QkLVuj% ihyscy dksfVax

lsokvksa esa 'kkfey fd, x, isaV@dksfVaXl
mi;ksxdrkZ ijh{k.kksa ds lQy lapkyu ds ckn] 

,u,evkj,y }kjk fodflr fuEufyf[kr isaV@dksfVaXl 
dks Hkkjrh; ukSlsuk }kjk 'kkfey fd;k x;k gSA bu 
isaV@dksfVaXl ds rduhdh gLrkarj.k fofHkUu Hkkjrh; 
isaV fuekZ.k ,tsafl;ksa dks fn, x, gSaA ;s mRikn cM+s 
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iSekus ij mRiknu ds v/khu gSa vkSj Hkkjrh; ukSlsuk 
,oa Hkkjrh; rVj{kd cyksa dh dbZ laifÙk;ksa dh lqj{kk 
dj jgs gSaA

●● tgkt ds Åijh <kaps ds ckgjh fgLls ds fy, 
mPp {kerk okyk isaV

●● gSoh&MîwVh u‚u&fLdM dksfVax
●● vartZyh; iz;ksx ds fy, isaV
●● VSad vkSj cSVjh fiV ds fy, ?kqy'khy eqä tax 
jks/kh isaV

●● baVîwlsaV vfXu&çfrjks/kh isaV
●● uSuks&/kkrq vk/kkfjr fcYt dksfVax
●● gkbMªksQksfcd lsYQ&Dyhfuax dksfVax
●● iuMqCch /ofud jcj Vkbyksa dh lqj{kk ds fy, isaV

lQyrkiwoZd mi;ksxdrkZ ijh{k.k iw.kZ fd, 
x, isaV~l@dksfVaXl

,u,evkj,y us fuEufyf[kr mRiknksa dk fodkl 
vkSj mi;ksxdrkZ ijh{k.k lQyrkiwoZd iwjk dj fy;k 
gSA bu mRiknksa dks 'kh?kz gh lsokvksa esa vkSipkfjd :i 
ls 'kkfey djus dh mEehn gSA

●● Msd vksojys dksfVax
●● vEy çfrjks/kh jcj vLrj
●● cYd /kkfRod Xykl dksfVaXl

vU; fodflr isaV~l@dksfVaXl
fuEufyf[kr isaV~l@dksfVaXl dk fodkl 

,u,evkj,y }kjk iwjk dj fy;k x;k gSA buds 
mi;ksxdrkZ ijh{k.k tYn gh 'kq: gksus dh mEehn gSA

●● mPp rki çfrjks/kh u‚u&fLdM dksfVax
●● la{kkj.k jks/kh Qkmy fjyht isaV
●● f'kIk ds vkarfjd fMCcksa ds fy, ,aVh&ekbØksfc;y 
dksfVax

●● rki jks/kh dksfVax
●● ,aVh&vkbflax dksfVax
●● gokbZ tgkt ds dSuksih ds fy, ikjn'khZ dksfVax
●● ihyscy dksfVax
●● Å"eh; Lçs djus ;ksX; dkcZfud dksfVax
●● Lo&mipkj.k LekVZ dksfVax
●● la{kkj.k laosnu'khyrk dksfVax
●● {kkj çfrjks/kh dksfVax

lsokvksa esa 'kkfey fd, x, isaV@
dksfVaXl

lsokvksa esa 'kkfey fd, x, isaV@dksfVaXl dk 
fooj.k uhps fn;k x;k gS%

f’ki lqijLVªDpj ds ckgjh fgLls ds fy, mPp 
{kerk okyk isaV

ç;ksx'kkyk us flfyd‚u&,YdkbM dksiksyhej ij 
vk/kkfjr mPp çn'kZu okyk ckgjh isaV fodflr fd;k 
gS] dksiksyhej ds la'ys"k.k dh çfØ;k LFkkfir dh 
xbZ gSA ;g isaV flaxy iSd flLVe gS vkSj lQsn] 
xgjs ,MfejYVh xzs rFkk gYds xzs jaxksa esa miyC/k gSA 
flfyd‚u ds lkFk ,YdkbM jsftu ds la'kks/ku ls 
blds ;kaf=d xq.k vkSj ;woh&fofdj.k ds çfrjks/k esa 
lq/kkj gksrk gSA bl isaV dk ckgjh LFkkf;Ro ds fy, 
O;kid :i ls ewY;kadu fd;k x;k gSA fodflr 
isaV us QUV&osnjksehVj esa ijh{k.k fd, tkus ij 
1000 ?kaVs ds laidZ ds ckn 50% ls vf/kd ped  
çfr/kkj.k fn[kk;k gSA isaV dh thou vof/k 5 o"kZ ls 
vf/kd gSA mPp çn'kZu okys ckgjh isaV dk fuekZ.k 
lSaM fey vkSj mPp xfr feDlj dk mi;ksx djds 
fd;k tk ldrk gSA

ukSlsuk f'ki dks mPp çn'kZu okys ckgjh isaV ls jaxk x;k gS
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mPp {kerk okys ckgjh isaV dh rduhd esa 'kkfey 
çfØ;k,a gSa yacs rsy ,YdkbM jsftu dk fuekZ.k] 
flfyd‚u ds lkFk ,YdkbM jsftu dk la'kks/ku vkSj 
fofHkUu jaxksa esa isaV dk fuekZ.kA bl isaV ds mi;ksxdrkZ 
ijh{k.k TRV 17 vkSj INS xkserh ij lQyrkiwoZd iwjs 
fd, x, gSaA VhvksVh dks m|ksxksa esa LFkkukarfjr dj 
fn;k x;k gS vkSj isaV orZeku esa cM+s iSekus ij mRiknu 
esa gSA

gSoh MîwVh u‚u&fLdM isaV
ukSlsuk ds f’ki ds ¶ykbV@gsyks Msd ij foeku 

vkSj dfeZ;ksa dh vkoktkgh ds nkSjku fQlyu@fLdfMax 
ds çfrjks/k ds fy, gSoh MîwVh u‚u&fLdM dksfVaXl 
ds bLrseky dh vko';drk gksrh gSA ,u,evkj,y 
}kjk foeku okgd ds lkFk&lkFk vU; çdkj ds 
f’ki ds gsyks&Msd ds fy, ¶ykbV Msd dksfVaXl dh 
vko';drkvksa dks iwjk djus ds fy, ,d ,i‚Dlh& 
vk/kkfjr Hkkjh 'kqYd okys u‚u&fLdM isaV lajpuk dk 
fodkl fd;k x;k gSA bl dksfVax esa mi;qä o.kZdksa ds 
lkFk vyx&vyx d.k vkdkj ds eksVs leqPp; gksrs 
gSaA ;g dksfVax okafNr cukoV ¼[kqjnjkiu½ vkSj ?k"kZ.k 
xq.k çnku djrh gSA

dksfVaXl dh fo'ks"krkvksa esa de ok"i'khy dkcZfud 
;kSfxd ¼VOC½] 250 ºC rd rkih; çfrjks/k] dscyksa dks 
jksdus ds fo#) çHkko çfrjks/k] f?klko vkSj LFkkf;Ro 
'kkfey gSaA bl isaV ds mi;ksxdrkZ ijh{k.k fofHkUu 
ukSlsuk IysVQkeksaZ ¼INS galk] INS czãiq=] INS vkfnR;] 
vkfn½ ij iwjs gks pqds gSa rFkk ukSlsuk us iz;ksx ds fy, 
isaV dks Lohdkj dj fy;k gSA bl isaV ds fy, ukSlsuk 
}kjk NCD tkjh fd;k x;k gSA bl isaV dk ToT 
fofHkUu isaV m|ksxksa dks fn;k x;k gS vkSj orZeku esa 
bldk mRiknu fd;k tk jgk gSA

gSoh MîwVh u‚u&fLdM isaV ¶ykbV Msd ij yxk;k x;k gSoh 
MîwVh u‚u&fLdM isaV ¼çfrfuf/k 

Nfo½

vartZyh; vuqç;ksx ds fy, isaV
leqæh okrkoj.k] leqæh ty esa yo.k ¼DyksjkbM½ 

vkSj ?kqfyr v‚Dlhtu dh mifLFkfr ds dkj.k /kkrq 
lajpukvksa ds fy, vR;f/kd la{kkjd gSA tyeXu 
lajpukvksa tSls fd IysVQ‚eZ] tsVh] vkSj tgkt ds gy 
dks la{kkjd&jks/kh ,aVh&Qkmfyax isaV yxkdj la{kkj.k 
ls cpk;k tkrk gSA gkykafd] dksfVaXl vartZyh; 
oLrqvksa ds fo#) ?k"kZ.k@çHkko ds dkj.k ;kaf=d {kfr 
ds f[kykQ detksj gSaA çHkkfor {ks=ksa ¼{kfrxzLr isaV½ 
dh ejEer vkSj iqu% isafVax dh vko';drk gksrh gS 
ftlds fy, tgkt dks MªkbZ M‚fdax dh vko';drk 
gksrh gSA tgkt dh MªkbZ M‚fdax ,d le; ysus 
okyh vkSj Je&xgu xfrfof/k gS vkSj okLro esa 
leqæ esa dqN vf/k"Bkiuksa dks 'kq"d fLFkfr esa ugha 
yk;k tk ldrk gSA ç;ksx'kkyk us nks ,i‚Dlh& 
vk/kkfjr tax&jks/kh isaV vkSj ,aVh&Qkmfyax isaV 
fodflr fd, gSa ftUgsa lajpukvksa dh tyeXu lrgksa 
ij lh/ks MªkbZ&M‚fdax dh vko';drk ds fcuk yxk;k 
tk ldrk gSA {kfrxzLr lrg ij igys tax&jks/kh 
isaV dk dksV yxk;k tkrk gS vkSj mlds ckn 
,aVh&Qkmfyax isaV yxk;k tkrk gSA fodflr jpuk,¡ 
foyk;d eqä gSa vkSj ,d gh dksV esa 225 ± 25 µm 
dh 'kq"d fQYe eksVkbZ çnku djrh gSaA 

bu isaV~l dks ç;ksx'kkyk }kjk fo'ks"k :i ls 
fodflr fd, x, gSaM&gsYM ,IyhdsVj dk mi;ksx 
djds tyeXu {ks=ksa esa yxk;k tk ldrk gSA isaV ds 
nks ls rhu dksV yxk, tkrs gSa] çR;sd dksV ds chp 
24 ?kaVs dk varjky j[kk tkrk gSA mi;ksxdrkZ ijh{k.kksa 
¼INS f='kwy] INS f=[kaM] vkSj INS vkfnR;½ ds lQy 
lekiu vkSj Hkkjrh; ukSlsuk }kjk 'kkfey fd, tkus ds 
ckn] bu isaV~l dk ToT fofHkUu isaV fuekZ.k m|ksxksa dks 
fn;k x;k gSA  

ikuh ds Hkhrj isaV djrs gq, xksrk[kksj gkFk ls idM+s tkus okyk isaV 
,IyhdsVj
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iuMqCch ds cSVjh fiV esa l‚YosaV&Ýh ,aVh&dksjksflo isaV yxk;k x;k

VSad vkSj cSVjh fiV ds fy, foyk;d&eqä 
la{kkjd&jks/kh isaV

ukSlsuk ds f’ki@iuMqfCc;ksa esa bZa/ku] Lusgd] leqæh 
ty] rktk ikuh vkfn tSls rjy inkFkksaZ dk HkaMkj.k 
djus ds fy, dbZ vkarfjd VSad gksrs gSaA blds vykok] 
,sls fMCcs Hkh gksrs gSa ftudk mi;ksx ySM ,flM cSVjh 
dks laxzfgr djus ds fy, fd;k tkrk gSA buesa ls 
dbZ laxzfgr rjy inkFkZ la{kkjd ç—fr ds gksrs gSa] 
fo'ks"k :i ls cSVjh ,flM tks cSVjh Hkjus ds nkSjku 
vfuok;Z :i ls QSy tkrk gS vkSj xaHkhj la{kkj.k dk 
dkj.k curk gSA blfy, HkaMkj.k VSad vkSj cSVjh fiV 
dikVZesUV dh /kkrqe; lrgksa dks la{kkj.k ls cpkus ds 
fy, dksfVax@isaV dh vko';drk gksrh gSA la{kkj.k&jks/kh 
xq.kksa ds vykok] bl isaV flLVe ls laxzfgr rjy 
inkFkksaZ dks nwf"kr u djus dh Hkh mEehn dh tkrh gSA 
bl eqís dks lacksf/kr djus ds fy,] ,u,evkj,y us 
VSad vkSj cSVjh fiV dh lqj{kk ds fy, foyk;d&eqä 
la{kkjd isaV jpuk,¡] EP-1 vkSj EP-2 fodflr dh gSaA 
;s isaV jpuk,¡ ç—fr esa fFkDlksVªksfid gSa vkSj ,d dksV 
esa 250 ± 50 µm dh 'kq"d fQYe eksVkbZ çnku djrh 
gSaA buesa leqæh ty] rkts ikuh] Mhty] foekuu bZa/ku] 
cSVjh bysDVªksykbV vkfn tSls dbZ rjy inkFkksaZ ds çfr 
vPNk çfrjks/k gksrk gSA

;s foyk;d&eqä la{kkjd&jks/kh isaV ,i‚Dlh jsftu] 
fixesaV] ,DlVsaMj ds feJ.k ij vk/kkfjr gksrs gSa vkSj 
fo'ks"k gkMZuj dk mi;ksx djds Bhd fd, tkrs gSaA ;s 
isaV nks ?kVd ç.kkyh] csl vkSj gkMZuj ds :i esa miyC/k 
gSa] ftUgsa mi;ksx ls igys fufnZ"V vuqikr esa feyk;k 
tkrk gS vkSj budh i‚V ykbQ 2 ?kaVs gksrh gSA isaV esa 
foyk;d ;k fdlh Hkh ok"i'khy inkFkZ dh vuqifLFkfr 
bls VSad ds van:uh fgLlksa tSls lhfer {ks=ksa esa mi;ksx 
ds nkSjku vkx ds [krjksa ls lqjf{kr cukrh gSA ;s 

isaV nks jaxksa] lQsn vkSj gYds xqykch jax esa miyC/k 
gSaA foyk;d&eqä la{kkjd&jks/kh isaV EP-2 dk mi;ksx 
,flM vVSd ls lrgksa dh la{kkj.k lqj{kk ds fy, fd;k 
tkrk gS] tSls fd cSVjh dEikVZesaV esa] tcfd EP-1 dk 
mi;ksx vU; {ks=ksa dh lqj{kk ds fy, fd;k tkrk gSA 
bu isaV dks lsokvksa esa 'kkfey fd;k x;k gS vkSj Hkkjrh; 
ukSlsuk }kjk cM+s iSekus ij mi;ksx fd;k tk jgk gSA

bu isaV dks çkbej ds mi;ksx ds fcuk eSU;qvy 
:i ls lkQ dh xbZ lrgksa ij yxk;k tk ldrk gSA 
isaV flLVe dh lsok vof/k iuMqfCc;ksa ds cSVjh fiV esa 
> 5 o"kZ vkSj batu d{k] foekuu bZa/ku VSad vkSj tgktksa 
ds vU; vkarfjd fMCcksa esa > 6 o"kZ gSA ukSlsuk dh Fkksd 
vko';drkvksa dks iwjk djus ds fy, bu isaV~l dh rduhd 
dks fofHkUu isaV m|ksxksa esa LFkkukarfjr fd;k x;k gSA 

baVîweslsaV vfXujks/kh isaV
j{kk vkSj ukxfjd nksuksa {ks=ksa esa bekjrksa vkSj 

çfr"Bkuksa esa vkx yxus ls laifÙk vkSj ekuo thou 
dks O;kid uqdlku gks ldrk gSA vfXujks/kh mipkj 
ds lcls dq'ky rjhdksa esa ls ,d gS vfXujks/kh isaV dk 
mi;ksxA vkx yxus dh fLFkfr esa vfXujks/kh isaV Qwy 
tkrk gS ;k >kx cudj lsyqyj dkcZu;qä pkjdksy 
cukrk gS tks ghV bUlqys'ku çnku djrk gS vkSj 
v‚Dlhtu vojks/kd ds :i esa dk;Z djrk gS tks 
ngu'khy lClVªsV lkefxz;ksa dks çTofyr gksus ls jksdrk 
gSA Hkkjrh; ukSlsuk ds fy, ,u,evkj,y }kjk fo'ks"k 
:i ls vfXujks/kh isaV fodflr fd;k x;k gSA blds 
vykok] bl dksfVax dk ikjn'khZ laLdj.k mu lClVªsV 
ds fy, Hkh fodflr fd;k x;k gS tgka lrg dh ewy 
cukoV dks cuk, j[kus dh vko';drk gksrh gSA

,u,evkj,y }kjk fodflr vfXujks/kh isaV 
ty&vk/kkfjr ,sØsfyd i‚yhej beY'ku ij vk/kkfjr 
gSa] bls vkarfjd vkSj ckgjh nksuksa vuqç;ksxksa ds fy, 
fMtkbu fd;k x;k gSA baVîweslsal ds mRiknu ds fy, 
fo'ks"k ;kstdksa dk mi;ksx fd;k x;k gSA VkbVsfu;e 
Mkbv‚DlkbM dks o.kZd ds :i esa 'kkfey fd;k x;k 
gSA isaV dks 750 µm dh MªkbZ fQYe eksVkbZ çnku djus 
ds fy, rhu dksV esa yxk;k tkrk gSA vkx ds laidZ 
esa vkus ij dksfVax viuh ewy eksVkbZ ls 70&80 xquk 
c<+ tkrh gSA ç;ksx'kkyk esa la'ysf"kr QkbfVd ,flM 
la'kksf/kr jky dk mi;ksx djds ikjn'khZ dksfVax jpuk,¡ 
fodflr dh xbZ gSaA bu dksfVaXl dh ';kurk dks ikuh 
ds lkFk ruqdj.k djds lek;ksftr fd;k tk ldrk gSA 
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bu isaV feJ.kksa dk ç;ksx'kkyk esa O;kid ewY;kadu 
fd;k x;k gS vkSj fofHkUu lClVªsV~l tSls IykbZoqM] 
,Y;qfefu;e] LVhy] bysfDVªdy dscy vkSj Q‚Yl 
lhfyax lkexzh ij vR;ar vPNs vfXu lqj{kk xq.k 
çnf'kZr fd, gSaA isaV us ,Y;qfefu;e lClVªsV ij vPNk 
Å"ek bUlqys'ku Hkh fn[kk;k gSA vkx yxus dh fLFkfr 
esa tgkt ds lqijLVªDpj dh ;kaf=d v[kaMrk dks cuk, 
j[kus esa baVîwlsaV vfXujks/kh isaV ds Å"ek bUlqys'ku 
xq.k csgn mi;ksxh gksrs gSaA vfXujks/kh isaV dks lh/ks 
xSj&/kkrq lClVªsV ij yxk;k tk ldrk gSA /kkrq 
lClVªsV ij] tax laj{k.k ds fy, mi;qä çkbej dk 
mi;ksx vko';d gSA ckgjh lrgksa ij vfXujks/kh isaV 
dks mi;qä ckgjh isaV ls vksojdksV fd;k tk ldrk 
gSA yksukokyk ds INS f'kokth esa ijek.kq] tSfod] vkSj 
jklk;fud j{kk ¼NBCD½ lqfo/kk esa baVîwlsaV vfXujks/kh 
isaV ds mi;ksxdrkZ ijh{k.k lQyrkiwoZd iwjs gks pqds 
gSa vkSj bldh çHkko'khyrk fl) gqbZ gSA bl isaV dks 
Hkkjrh; ukSlsuk }kjk Lohdkj vkSj 'kkfey dj fy;k 
x;k gSA dbZ isaV fuekZrkvksa dks ToT fn;k x;k gSA

ls nwf"kr vkSj Hkjs jgrs gSaA buds vykok] fcYt esa 
okrkoj.k ges'kk vR;f/kd vknZz jgrk gSA ;s lHkh dkjd 
xaHkhj la{kkj.k dk dkj.k curs gSaA pwafd fcYt {ks= 
lhfer gksrs gSa] blfy, muds ikl vi?k"kZd CykfLVax 
;k ikoj Vwy Dyhfuax dk mi;ksx djds lrg rS;kj 
djus ds fy, cgqr lhfer ;k dksbZ igqap ugha gksrh gS] 
tks fdlh Hkh lqj{kkRed dksfVax ds vuqç;ksx ls igys 
vko';d gSA blds vykok] ikjaifjd isaV vke rkSj ij 
foyk;d vk/kkfjr gksrs gSa] blfy, fcYt {ks=ksa esa [kjkc 
osafVys'ku ds dkj.k vkdfLed vkx yxus dk [krjk 
ges'kk cuk jgrk gSA csgrj tax laj{k.k ds fy, fcYt 
{ks=ksa esa fofHkUu rjy inkFkksaZ ds fy, vPNs vklatu 
vkSj çfrjks/k ds lkFk Hkkjrh; ukSlsuk dks ,d csgrj 
lqj{kkRed isaV ç.kkyh dh vko';drk FkhA

bu vko';drkvksa dks /;ku esa j[krs gq,] 
,u,evkj,y us ,d uSuks&/kkrq vk/kkfjr nks iSd] mPp 
Bksl isaV ç.kkyh fodflr dh gS ftlesa ,i‚Dlh jky] 
çfrfØ;k'khy eand] jaxæO;] foLrkjd] uSuksfQyj] vkSj 
vU; ;kstd 'kkfey gSaA bls ukeek= lrg dh lQkbZ 
ds lkFk lh/ks lClVªsV ij isaV cz'k ;k jksyj }kjk 
yxk;k tk ldrk gS vkSj blds fy, vyx ls çkbej 
dh vko';drk ugha gksrh gSA isaV dh dqN egRoiw.kZ 
fo'ks"krk,a gSa otu ds fglkc ls de ok"i'khy lkexzh 
<5%] i‚V ykbQ 2 ?kaVs vkSj lw[kus dk le; 6&8 ?kaVsA 
fodflr isaV us csgrjhu la{kkj.k çfrjks/k fn[kk;k gSA

a) 2 fnu vkSj b) 3 lIrkg rd ueh esa jgus ds ckn ukbfDoLV Iy‚V

uSuks/kkrq&vk/kkfjr fcYt dksfVax
fcYt dEikVZesaV tgkt ds e'khujh dEikVZesaV dk 

lcls fupyk {ks= gksrk gSA ;s vke rkSj ij lhfer 
LFkku gksrs gSa] tks leqæh ty] rsy@xzhl] fofHkUu 
e'khujh vkSj midj.kksa ls fudyus okys vU; inkFkksaZ 

dksfVaXl ¼fixesaV vk;ru ladsnzu] PVC% 15] 20] 
vkSj 25½ ds fy, ukbfDoLV Iy‚V~l bafxr djrs gSa 
fd os tax laj{k.k ds fy, vko';d >1 MΩ- cm2 ds 
visf{kr /kzqohdj.k çfrjks/k dk çn'kZu djrs gSaA chl 
PVC isaV lajpukvksa dk p;u fd;k x;k D;ksafd blus 
csgrj ;kaf=d xq.k fn[kk,A isaV dh dofjax {kerk 
225&250 µm dh MªkbZ fQYe eksVkbZ ds fy, 3-5 oxZ 
ehVj çfr yhVj gSA bl isaV ds nks dksV 16 ls 24 ?kaVs 
ds varjky ij yxkus dh lykg nh tkrh gSA 

isaV ds vfXujks/kh xq.k dk çn'kZu

NMRL Paint

Char height

Commercial 
 Paint
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fodflr isaV flLVe dh lsok vof/k 5 o"kZ ls vf/kd 
gS ¼tc bls eSU;qvy :i ls lkQ dh xbZ lrgksa ij 
yxk;k tkrk gS½A mPp Bksl lajpuk vkSj de VOC 
gksus ds dkj.k] isaV esa vuqç;ksx ds nkSjku vkx yxus 
dk [krjk cgqr de gksrk gSA INS vHk; vkSj INS foiqy 
ij larks"ktud mi;ksxdrkZ ijh{k.k ds ckn] uSuks&/kkrq  
vk/kkfjr fcYt dksfVax dks lsokvksa esa 'kkfey fd;k x;kA

bl isaV rduhd dks Fkksd mRiknu ds fy, isaV 
m|ksx esa LFkkukarfjr dj fn;k x;k gSA ukSlsuk }kjk 
fofHkUu tgktksa ds fcYt fMCcksa dks la{kkj.k ls cpkus ds 
fy, bldk fu;fer :i ls mi;ksx fd;k tk jgk gSA

uSuks&/kkrq vk/kkfjr dksfVax ls ysfir tgkt dk fcYt {ks=

xanxh 
dksfVax 
ls ugha 
fpidrh

xSj gkbMªksQksfcd 
dksfVax ¼lrg 
ij uhyh L;kgh 

ds /kCcs½

lsYQ&Dyhfuax 
dksfVax ¼lrg ij 
uhyh L;kgh fcuk 
fpids cg jgh gS½

lsYQ&Dyhfuax dksfVax ij ty cw¡nksa 
dk lewg

dksfVax dh Lo&lQkbZ {kerk dk çn'kZu

Lo&lQkbZ dksfVax ls ysfir tgkt dk batu :e gSp {ks=

iuMqCch /ofud jcj Vkbyksa dh lqj{kk ds 
fy, isaV 

iuMqfCc;ksa dh /ofud jcj Vkbyksa dh lqj{kk ds 
fy, ç;ksx'kkyk }kjk ,d fo'ks"k isaV fodflr fd;k 
x;k gSA ;g jcj lClVªsV ij lh/kk yxkus ds fy, ,d 
flaxy dksV flLVe gSA dksfVax ,d flaxy dksV esa 40 
± 15 µm dh 'kq"d fQYe eksVkbZ çnku djrh gSA

bl isaV ds vko';d rRo bykLVksesfjd i‚yhej 
¼LVkbjhu ,fFkyhu C;wfVyhu Vsjiksfyej] SEBS½] fixesaV] 
l‚YoSaV~l] vkSj ,fMfVOl gSaA isaV fuekZ.k esa ;s fo'ks"k 
;kstd csgrj vklatu] fFkDlksVªksfid ç—fr] vPNh 
vkærk] fo{ksi.k] vkSj fMQksfeax xq.k çnku djrs gSaA isaV 
dks cz'k@jksylZ dk mi;ksx djds yxk;k tk ldrk gS 
vkSj ;g 2 ?kaVs esa lw[k tkrk gS] ftlls jcj Vkbyksa dks 
leqæh ty ds lkFk&lkFk i;kZoj.kh; ekSle ls cpkus ds 
fy, ,d dBksj vkSj l[r vojks/kd dksfVax dk fuekZ.k 
gksrk gSA bl isaV dks dkys vkSj lQsn jaxksa esa rS;kj 
fd;k x;k gSA isaV dh vklatu 'kfä 1 MPa ¼jcj dh 
lrg ij½ gSA blesa mR—"V yphykiu] çHkko 'kfä ds 
lkFk&lkFk leqæh ty vkSj [kjkc ekSle ds çfr çfrjks/k 
Hkh gSA

gkbMªksQksfcd lsYQ&Dyhfuax dksfVax
gkbMªksQksfcd lsYQ&Dyhfuax dksfVax ,d dk;kZRed 

lkexzh gS tks ysfir lrg dks xanxh ls eqä j[krh gS 
vkSj bldh okLrfodrk dks cuk, j[krh gSA bl rjg 
dh dksfVaXl dk mi;ksx ukSlsuk ds tgkt ds jlksbZ] 
HkaMkj.k d{k] vkSj fpfdRlk lqfo/kkvksa esa LoPNrk dh 
fLFkfr cuk, j[kus esa fd;k tk ldrk gSA ç;ksx'kkyk 
us ,d u, Ø‚lfyadj ds lkFk de lrg okys ÅtkZ 
flyksDlsu&vk/kkfjr i‚fyej dk mi;ksx djds ;g 
lsYQ&Dyhfuax dksfVax fodflr dh gSA ;g de lrg 
ÅtkZ flfyd‚u&vk/kkfjr dksfVax /kwy] xanxh] rsy] 
xzhl vkfn dks vius Åij fpidus ugha nsrh gSA bu 
dksfVaXl dks lkQ djuk cgqr vklku gSA fodflr 
dksfVax us lClVªsV ds lkFk vPNk vklatu] [kjksap 
çfrjks/k] vkSj mR—"V lsYQ&Dyhfuax xq.k fn[kk, gSaA

gkbMªksQksfcd lsYQ&Dyhfuax dksfVax ds mi;ksxdrkZ 
ijh{k.k ;kMZ Øk¶V iq"dj vkSj INS foØekfnR; ij iwjs 
gks pqds gSaA lQy QhYM Vªk;y ds ckn] bl dksfVax 
dks Hkkjrh; ukSlsuk }kjk 'kkfey fd;k x;k gSA bl 
isaV dk ToT rhu isaV fuekZ.k m|ksxksa dks fn;k x;k gSSA

Bilge area
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dkys jax dk isaV iuMqCch ds tyfpUg@Lrj ds 
Åij yxk;k tkrk gS] tcfd lQsn jax dk mi;ksx 
vadu mís';ksa ds fy, fd;k tkrk gSA bl isaV dk 
mi;ksxdrkZ ijh{k.k INS f'ka/kqds'kjh vkSj INS fla/kqfot; 
ij fd;k tk pqdk gSA lQy mi;ksxdrkZ ijh{k.k ds 
ckn] bl isaV dks Hkkjrh; ukSlsuk esa 'kkfey dj fy;k 
x;k gSA Hkkjrh; ukSlsuk ds fy, bl isaV dk çks|kSfxdh 
gLrkarj.k isaV fuekZ.k m|ksx dks dj fn;k x;k gSA 

iuMqCch ij dkys vkSj lQsn lqj{kkRed isaV ds {ks= ijh{k.k

v‚Dlhtu lwpdkad] /kqez ?kuRo] fo"kkärk lwpdkad] 
fo|qr çfrjks/k] vkSj rkih; pkydrk dh lqjf{kr lhek,¡ 
gSaA dksfVax dks fofHkUu lrg vuqç;ksxksa ds fy, mi;qä 
mPp ped çfr/kkj.k ds lkFk pkj jaxksa esa fodflr 
fd;k x;k gSA bl dksfVax ds ijh{k.k INS dksjk] INS 
czãiq=] vkSj INS olq/kk ij fd, x, gSaA dksfVax us 
vk'kktud ifj.kke fn[kk, gSaA

,u,evkj,y }kjk fodflr Msd vksojys dksfVax dh 
fo'ks"krk,¡

fo'ks"krk,¡ Hkkjrh; ukSlsuk 
dh vko';drk 
¼NCD 1471½

,u,evkj,y 
}kjk fodflr 
dksfVax

?kuRo ¼g/cc½ < 1.70 1.5

ueh vo'kks"k.k ¼%½ < 0.5 < 0.2

vklatu 'kfä] 
,eih, MPa

> 1.75 > 3

yphykiu 
(½ bap eSaMªsy)

VwVuk ;k vyx 
ugha gksuk pkfg,

VwVrk ;k vyx 
ugha gksrk gS

vk;ru çfrjks/kdrk 
Ohm.cm

> 100 × 106 2.45 × 1012

/kqez ?kuRo, % - 65.8

fyfefVax v‚Dlhtu 
lwpdkad

- 25

fo"kkärk lwpdkad - 0.7

ued Lçs ijh{k.k ds 
çfr çfrjks/k] 500 
?kaVs

la{kkj.k ;k {kj.k 
dk dksbZ ladsr 
ugha	

la{kkj.k ;k 
{kj.k dk dksbZ 
ladsr ugha	

vfXu çfrjks/k 
ijh{k.k

vfXu lzksr ds 
gVkus ds ckn 
Lor%&cq>uk	

vfXu lzksr ds 
gVkus ds ckn 
Lor%&cq>uk	

lQyrkiwoZd mi;ksxdrkZ 
ijh{k.k iwjs fd, x, isaV@dksfVaXl

,flM çfrjks/kh jcj ykbfuax
Mhty bysfDVªd iuMqfCc;ksa dks cSVjh fiV dEikVZesaV 

esa j[kh xbZ cSVfj;ksa dh J`a[kyk }kjk lapkfyr fd;k 
tkrk gSA bu cSVfj;ksa esa ,d vEyh; bysDVªksykbV 

uhps fn, x, fofHkUu mRiknksa us lQyrkiwoZd 
mi;ksxdrkZ ijh{k.k iwjk dj fy;k gSA bu mRiknksa dks 
tYn gh lsokvksa esa 'kkfey fd, tkus dh mEehn gSA

Msd vksojys dksfVax
tgkt ds Msd {ks= dh /kkrq] daØhV] ;k ydM+h 

dh lrg ij yksxksa] lkefxz;ksa] vkSj okguksa dh cgqr 
vf/kd vkoktkgh gksrh gSA blds ifj.kkeLo:i {kj.k 
vkSj la{kkj.k ds dkj.k lkexzh dk uqdlku gksrk gS] 
ftlls vleku eksVkbZ vkSj vleryrk mRiUu gksrh gSA 
VqV&QwV vkSj {kj.k dks de djus ds fy, ,d mi;qä 
dksfVax dk fodkl vko';d FkkA Q'kZ dh lrg ij 
mi;ksx dh tkus okyh Msd vksojys dksfVax esa vPNh 
dBksjrk] ?k"kZ.k] vkSj la{kkj.k çfrjks/k ds lkFk&lkFk 
jklk;fud fjlko vkSj lQkbZ fMVtsaZV ds gkfudkjd 
çHkkoksa ds çfrjks/k dh mEehn gSA blds vfrfjä] Q'kZ 
dh lkSan;Zrk cuk, j[kuk Hkh vko';d gSA

bu xq.kksa dks iwjk djus ds fy,] ,u,evkj,y  
us ,d isaV feJ.k fodflr fd;k gS] tks QSVh ,flM 
vkSj O;kolkf;d :i ls miyC/k ,i‚Dlh jky ij  
vk/kkfjr bu&gkml la'ysf"kr gkbijczkaPM jky dk 
mi;ksx djrk gSA jky dks fofHkUu lkaærk ij fofHkUu 
o.kZdksa dk mi;ksx djds jaxk x;k gSA fodflr isaV esa 
vPNh vklatu 'kfä] mPp ?k"kZ.k] vkSj [kjksap çfrjks/k gSA

blds vykok] blesa ukSlsuk ds ekudksa ds vuqlkj 

tgkt ds Msd {ks= ij Msd vksojys dksfVax yxkbZ xbZ

dksfVax ls igys dksfVax ds ckn

Msd vksojys 
dksfVax 



12 13

izkS|ksfxdh fo'ks"k

[kaM 13] vad 1] tuojh&Qjojh 2025

¼cSVjh ,flM½ Hkjk gksrk gSA Hkjus dh çfØ;k ds nkSjku 
;g bysDVªksykbV vfuok;Z :i ls QSy tkrk gSA 
cSVfj;ksa ls gksus okyk ;g fjlko iuMqCch ds LVhy 
gy esa xaHkhj {kj.k dk dkj.k curk gSA bls cpkus ds 
fy,] ,u,evkj,y us ,d uSuks dEiksftV&vk/kkfjr 
jcj ¼fu;ksçhu½ ykbfuax fodflr dh gS ftlesa i‚fyej 
eSfVªDl esa IysVysV tSlh lajpuk okys fo'ks"k uSuksDys 
dks 'kkfey fd;k x;k gSA fo'ks"k uSuksDys dks 'kkfey 
djus ls i‚fyej eSfVªDl ds ;kaf=d xq.kksa vkSj ,flM 
çfrjks/k fo'ks"krkvksa esa lq/kkj gqvk gSA 

SAXS çksQkby ds lkFk ,DlQksyh,VsM fu;ksçhu Dys uSuksdaiksftV

iuMqfCc;ksa ds cSVjh fiV esa jcj ykbfuax yxkbZ xbZ

Battery pit 
compartments

foLr`r /kkfRod Xykl dksfVaXl
foLr`r /kkfRod dk¡p] inkFkksaZ dk ,d mHkjrs gqvk 

{ks= gSa ftuesa dbZ okaNuh; vkSj vf}rh; xq.k gksrs gSa] 
tSls fd mPp 'kfä] vPNh dBksjrk] mR—"V f?klko 
çfrjks/k] vkSj mPp la{kkj.k çfrjks/kA fi?kykus vkSj esYV 
fLifuax çfØ;k dk mi;ksx djds ç;ksx'kkyk esa ykSg 
vk/kkfjr /kkfRod dk¡p dh ,d J`a[kyk fodflr dh xbZ 
gSA blds vykok] fi?kykus vkSj ijek.kqdj.k rduhd 
dk mi;ksx djds m|ksx dh lgk;rk ls bUgsa cM+s cSp 
vkdkj esa mRikfnr fd;k x;k gSA

fodflr Fe&vk/kkfjr cYd esVSfyd Xykl ¼BMG½ 
dksfVaXl dks HVOF rduhd dk mi;ksx djds yxk;k 
x;k gSA bu dksfVaXl esa 750 ls 900 VHN rd dh 
dBksjrk] x<+s gq, lqij MqIysDl LVsuysl LVhy ds 
cjkcj mPp {kj.k&la{kkj.k çfrjks/k gSA bu dksfVaXl esa 
60 MPa ls vf/kd dh mPp vklatu 'kfä] 2 çfr'kr 
ls de dh fNærk] ihlus ds ckn 0-3 µm dk lrg 
ifj"dj.k gksrk gSA bu dksfVaXl dk mi;ksx gkMZ Økse 
IysfVax ds çfrLFkkiu ds :i esa fd;k tk ldrk gSA

bl dksfVax ds mi;ksxdrkZ ijh{k.k ukSlsuk ds 
tgktksa ¼INS czãiq= vkSj INS C;kl½ ds LVhe VckZbu 
jksVlZ ij fd, x, vkSj blus mR—"V {kj.k&la{kkj.k 
çfrjks/k xq.k ds lkFk larks"ktud çn'kZu fn[kk;kA bl 
dksfVax dks Hkkjrh; ukSlsuk }kjk ç;ksx ds fy, Lohdkj 
dj fy;k x;k gS vkSj bldh NCD tYn gh tkjh gksus 
dh mEehn gSA 

BMG ikmMj vk—fr 
foKku

HVOF rduhd }kjk 
ysfir BMG

dksVsM jksVj 'kk¶V

cSVjh ,flM la{kkj.k ls lqj{kk çnku djus ds 
fy, cSVjh fiV dEikVZesaV dh fupyh lrg ij 
,flM&çfrjks/kh jcj ykbfuax lkexzh dh pknjsa yxkbZ 
tkrh gSaA jcj ykbfuax us 24 eghus ls vf/kd dh 
foLrkfjr vof/k ds fy, mR—"V vklatu 'kfä vkSj 
,flM çfrjks/k fo'ks"krkvksa dks fn[kk;k gSA blds 
vykok] lexz la{kkj.k çfrjks/k dks c<+kus ds fy, igys 
ls ysfir lrgksa ij ykbfuax yxkbZ tk ldrh gSA INS 
fla/kq 'k'kjk] INS fla/kq fot;] SPV vkSj INS lkYdh 
ij lQy nh?kZdkfyd mi;ksxdrkZ ijh{k.kksa ds ckn] 
,flM&çfrjks/kh jcj ykbfuax dks Hkkjrh; ukSlsuk }kjk 
çsj.k ds fy, Lohdkj dj fy;k x;k gSA NCD tYn 
gh tkjh gksus dh mEehn gSA fodflr jcj vLrj dk 
flfoy vuqç;ksxksa esa Hkh mi;ksx gksus yxk gS] D;ksafd 
bldk mi;ksx jklk;fud VSadksa] çfrfØ;k okfgdkvksa] 
ikbfiax] vkSj vU; çfr"Bkuksa dks dbZ [kfut ,flM] 
tSls fd fofHkUu jklk;fud m|ksxksa esa lY¶;wfjd ,flM 
vkfn ds la{kkjd çHkkoksa ls cpkus ds fy, fd;k tk 
ldrk gSA ,flM çfrjks/kh jcj vLrj çkS|ksfxdh dks 
nks m|ksxksa esa LFkkukarfjr dj fn;k x;k gSA

fodflr fd, x, 
vU; isaV@dksfVaXl

ukSlsuk] ,u,evkj,y dks fofHkUu vuqç;ksxksa ds 
fy, lqj{kkRed isaV@dksfVax fodkl dk dke lkSairh 
jgh gSA bu vko';drkvksa dks /;ku esa j[krs gq,] 
,u,evkj,y us fofHkUu isaV@dksfVax fodflr djus 
ds fy, lefiZr ç;kl fd, gSaA bu fodkl ç;klksa dk 
fooj.k uhps fn;k x;k gS%



14 15

izkS|ksfxdh fo'ks"k

[kaM 13] vad 1] tuojh&Qjojh 2025

mPp rkieku çfrjks/kh u‚u&fLdM dksfVax
ekStwnk ¼ekdZ&I½ bu&lfoZl bi‚Dlh&vk/kkfjr gsoh 

MîwVh u‚u&fLdM isaV dh lfoZl&rkieku lhek ¼300oC 
rd½] LFkkf;Ro vkSj lexz çn'kZu dks csgrj cukus ds 
fy,] ç;ksx'kkyk }kjk nks&?kVd flyksDlsu bi‚Dlh 
gkbfczM u‚u&fLdM dksfVax ¼ekdZ&II½ fodflr dh 
xbZ gSA bl dksfVax esa flfyd‚u&v‚Dlhtu ¼Si−O−
C½ c‚UM gksrs gSa] tks lkekU; bi‚Dlh dksfVaXl esa 
dkcZu&dkcZu ¼C−C½ c‚UM dh rqyuk esa vf/kd c‚UM 
'kfä çnku djrs gSa] ftlls ;woh fofdj.k ¼lw;Z ds 
çdk'k ls½ ds f[kykQ vf/kd ckgjh LFkkf;Ro feyrk gSA 
blds vykok] flyksDlsu&bi‚Dlh gkbfczM u‚u&fLdM 
dksfVax esa VOCs dh ek=k de gksrh gS] ;g gkbMªksdkcZu] 
fMVtsaZV dks nwj djrh gS vkSj vius gkbMªksQksfcd ç—fr 
ds dkj.k yxkus ds ckn Cy'k ;k Cywe ugha djrk  gSA 
Si−O−C c‚UM ds dkj.k] blesa 300oC rd dk rkih; 
çfrjks/k gksrk gS vkSj blesa vjsfLVax dscYl] f?klko]
vkSj fVdkÅiu ds fo#) mR—"V çHkko çfrjks/k gksrk 
gSA dksfVax dk igyk mi;ksxdrkZ ijh{k.k  SBTF] xksok 
esa vk;ksftr fd;k x;kA

SBTF ijh{k.kksa ls çkIr QhMcSd ds vk/kkj ij 
dksfVax Q‚ewZys'ku dks la'kksf/kr fd;k x;k gSA dksfVax 
ds mi;ksxdrkZ ijh{k.kksa dh nwljh J`a[kyk Hkkjrh; 
ukSlsuk }kjk INS dksydkrk ds osnj Msd ij dh tk,xh 
vkSj blds tYn gh 'kq: gksus dh mEehn gSA

SBTF, INS galk xksok esa dksfVax ds mi;ksxdrkZ ijh{k.k

i‚fyej ok;q baVjQsl dks le`) djrs gSa tcfd mPp 
lrg ÅtkZ okys i‚fyej vf/kekur% lClVªsV dh vksj 
iyk;u djrs gSaA de lrgh ÅtkZ Qkmy fjyht xq.k 
lqfuf'pr djrh gS] tcfd uhps dh ,i‚Dlh dksfVax 
ijr la{kkjd&jks/kh xq.k lqfuf'pr djrh gSA

,aVh&la{kkjd Qkmy fjyht isaV dk {ks= ewY;kadu

lk/kkj.k dksfVax Mqcus ds 
90 fnu ckn

Qkmy fjyht dksfVax Mqcus 
ds 90 fnu ckn

la{kkjd&jks/kh Qkmy fjyht isaV
ç;ksx'kkyk us flyksDlsu&,i‚Dlh fixesaVsM 

Qkmfyax&fjyht dksfVax lajpuk fodflr dh gS tks 
,d gh dksV esa la{kkjd vkSj Qkmfyax fjyht nksuksa 
xq.k çnku djrh gSA ;g dksfVax FkeksZMk;ukfed :i 
ls vlaxr i‚fyej dh Lo&Lrjhdj.k vo/kkj.kk ds 
vk/kkj ij rS;kj dh xbZ gS] tks vius ?kqyu'khyrk 
iSjkehVj ewY;ksa esa O;kid :i ls fHkUu gksrh gS] rkfd 
,d gh dksV esa ,d cgqijr dksfVax dk mRiknu fd;k 
tk ldsA mi;ksx ds nkSjku de lrg ÅtkZ okys 

ikjaifjd Øfed :i ls ykxw cgq&ijr dksfVaXl 
dh rqyuk esa bl dksfVax ds eq[; ykHk baVjfM¶;wtu ds 
dkj.k jky dh nks ijrksa ds chp mPp varj&dksV vklatu 
vkSj ,dy dksV mi;ksx ds dkj.k de VOC mRltZu gSaA

la{kkjd&jks/kh Qkmy fjyht dksfVax dk çn'kZu 
ewY;kadu IGCAR] dyiDde] esa Mk;usfed ¶yks pSuy 
VsLV lsVvi esa fd;k x;k gS] tgk¡ dksfVax us larks"ktud 
çn'kZu fn[kk;A bl isaV dk çek.ku Hkh NMRL }kjk 
Hkkjrh; f'kfiax jftLVªh ¼IRS½] eqacbZ] ds ek/;e ls iwjk 
dj fy;k x;k gSA bl isaV ds QhYM Vªk;y tYn gh 
'kq: gksus dh mEehn gSA

tgktksa ds vkarfjd Hkkxksa ds fy, 
,aVh&ekbØksfc;y dksfVax

ekbØksCl lw{e tho gksrs gSa tks vkerkSj ij f’ki 
;k iuMqCch ds ue van:uh fgLlksa esa iuirs gSaA muesa 
ls dbZ jksxtud vkSj laØked gksrs gSaA Ropk ds laidZ] 
çnwf"kr gok esa lkal ysus] nwf"kr Hkkstu ;k ikuh dk 
lsou djus vkfn ds ek/;e ls] os euq";ksa dks chekjh 
ls laØfer djus dh {kerk j[krs gSaA bu thok.kqvksa 
esa lgh ifjfLFkfr;ksa esa rsth ls c<+us vkSj varr% vius 
vkl&ikl ds okrkoj.k vkSj lajpukvksa dks gkfu igqapkus 
dh {kerk gksrh gSA ,aVh&ekbØksfc;y dksfVaXl dk mi;ksx 

Qkmy fjyht dksfVax dk Lo&Lrjhdj.k ra=



14 15

izkS|ksfxdh fo'ks"k

[kaM 13] vad 1] tuojh&Qjojh 2025

vkarfjd vkSj ue lrgksa dks cSDVhfj;k vkSj Qaxy geys 
ls cpkus ds fy, fd;k tkrk gSA ;g LoPN ifjfLFkfr;ksa 
vkSj lkSan;Zrk dks cuk, j[kus esa enn djrk gSA

tgkt ds fofHkUu LFkkuksa esa ,aVh&ekbØksfc;y dksfVax dh mi;ksfxrk

ç;ksx'kkyk us flfyd‚u la'kksf/kr ,YdsM jky] 
fo'ks"k Hkjko vkSj jksxk.kqjks/kh ;kstdksa ij vk/kkfjr ,d 
jksxk.kqjks/kh isaV fodflr fd;k gSA isaV ds fodkl ls 
igys] ukSlsuk ds tgktksa ds çHkkfor {ks=ksa ls cSDVhfj;k 
vkSj dod ds uewus ,d= fd, x, vkSj ç;ksx'kkyk 
esa mudk ijh{k.k fd;k x;kA lw{etho vkSj dod ds 
fodkl dks jksdus esa mudh çHkko'khyrk dh iqf"V djus 
ds fy, fofHkUu jksxk.kqjks/kh ,tsaVksa dk ewY;kadu fd;k 
x;kA LVh;jsV vk/kkfjr ;kstd us mR—"V thok.kqjks/kh 
xq.k fn[kk, vkSj ,lsaf'k;y v‚by vk/kkfjr ;kstd us vU; 
;kstdksa dh rqyuk esa mR—"V ,aVh&Qaxy xq.k fn[kk,A 

Untreated Treated Untreated Treated

,aVhcSDVhfj;y ,tsaV ds fcuk vkSj lkFk 
esa dksfVax

,aVh&Qaxy ,tsaV ds fcuk vkSj 
lkFk esa dksfVax 

bu nksuksa ;kstdksa dks flfyd‚u lks;k ,YdsM isaV 
esa fefJr fd;k x;k] ftlus cSDVhfj;k vkSj Qaxy 
geyksa ds fy, mR—"V çfrjks/k fn[kk;kA ;s ;kstd ;k 
rks cSDVhfj;k ;k dod dh dksf'kdk fHkfÙk dks rksM+rs gSa 
vkSj dksf'kdk fHkfÙk ds Hkhrj lfØ; lkexzh dks QSykrs 
gSa ;k vkj,u, dh ,l&jkbckslksey bdkbZ ls ca/k tkrs 
gSaA ftlds ifj.kkeLo:i cSDVhfj;k ;k dod dks ekj 
fn;k tkrk gS ;k mudh o`f) dks jksd fn;k tkrk gSA 
jksxk.kqjks/kh ;kstdksa ds lkFk vkSj fcuk rS;kj fd, x, 
isaV ds thok.kqjks/kh vkSj ,aVh&Qaxy xq.kksa dh jsfVax uhps 
nh xbZ rkfydkvksa esa nh xbZ gSA jksxk.kqjks/kh dksfVax 

fodkl ds lQy lekiu ds ckn ç;ksx'kkyk }kjk ,d 
Hkkjrh; isVsaV nk;j fd;k x;k gSA

jksxk.kqjks/kh ;kstdksa ds fcuk vkSj lkFk dksfVax dh 
thok.kqjks/kh ;ksxt

jksxk.kqjks/kh ;kstdksa ds lkFk vkSj fcuk dksfVax dk 
dodjks/kh xq.k

cSDVhfj;k	 48 ?kaVs ds ckn voyksdu
;kstd ds 

fcuk dksfVax 
¼vuqipkfjr½

;kstd ds 
lkFk dksfVax 
¼mipkfjr½

LVSfQyksdksdl 
dksguh

3 0

cSflyl lsjsl 4 0

cSflyl iSjk& 
ekbdksbM~l

4 0

LVSfQyksdksdl 
fLd;qjh

3 0

lsjkfV;k ekdZ& 
,lsal

4 1

jsfVax% 0] 1] 2] 3] vkSj 4 Øe'k% iw.kZ vojks/k] 10% ls de] 10-
30%] 30-60% vkSj ¶ySV cSDVhfj;k o`f) ¼> 60%½] n'kkZrs gSaA

dod 30 fnu ds ckn voyksdu
fQYVj 
isij 
¼ldkjkRed 
fu;a=.k½

;kstd ds 
fcuk dksfVax 
¼vuqipkfjr½

;kstd 
ds lkFk 
dksfVax 
¼mipkfjr½

,Lijfxyl
fufo;ksXyksdl

3 2 0

,Lijfxyl 
Vsfj;l

4 0

pSVksfe;e 
Xykscksle

4 2 0

isfuflfy;e 
Øk;lksftue

4 3 0

,Lijfxyl 
ukbtj

3 2 0

jsfVax% 0] 1] 2] 3] vkSj 4 Øe'k% iw.kZ vojks/k] 10% ls de] 10-
30%] 30-60% vkSj ¶ySV cSDVhfj;k o`f) ¼> 60%½] n'kkZrs gSaA
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Å"ek&jks/kh dksfVaXl
,;jØk¶V dSfj;j ij iz;ksXk ds fy, ,i‚Dlh  

vk/kkfjr Å"ek&jks/kh dksfVaXl] tSls ,sØsfyd beY'ku 
vkSj flfyd‚u fodflr dh xbZ gSa] tks mu lajpukvksa 
ij yxkbZ tkrh gSa tks ,;jØk¶V tsV batu ds fudkl 
ds laidZ esa vkrh gSaA dksfVax pkyu] laogu] vkSj 
fofdj.k ds fy, vojks/k ds :i esa dk;Z djds Å"ek 
LFkkukarj.k dks de djrh gSA ;g Å"ek&jks/kh dksfVax 
ç—fr esa vfXujks/kh Hkh gS vkSj 300oC rd ds rkieku 
dks >sy ldrh gSA dksfVax dks cz'k] jksyj vkSj Lçs  
}kjk yxk;k tk ldrk gSA ;g flaxy dksV mi;ksx 
esa 200-250 µm dh 'kq"d fQYe eksVkbZ çnku djrk gSA 
;g ,d cSfj;j dh rjg ghV balqys'ku dksfVax ds :i 
esa dk;Z djrh gSA ;g dksfVax de rkih; pkydrk 
okyh lkefxz;ksa] tSls ekbØksLQh;j] fixesaV] fQylZ] 
,fMfVOl vkfn ds lkFk rS;kj dh tkrh gSA bl dksfVax 
dk fodkl dk;Z iwjk gks pqdk gSA ç;ksx'kkyk }kjk 
fodflr Å"ek&jks/kh dksfVax us vk;kfrr dksfVax dh 
rqyuk esa rkieku esa i;kZIr deh fn[kkbZ gSA

,aVh&vkbflax dksfVaXl
ekuo jfgr gokbZ okgu ¼;w,oh½ ds vxz.kh Hkkxksa 

¼ia[kksa½ vkSj {kSfrt Vsy ij cQZ teus ls vokafNr 
Hkkj c<+us ds dkj.k lgu'khyrk de gks ldrh gS 
vkSj mM+ku esa vfLFkjrk vk ldrh gSA mM+ku ds 
nkSjku ,slh lrgksa ls cQZ gVkuk eqf'dy gSA mM+ku 
esa cQZ gVkus ds fy, tfVy ra=ksa dk mi;ksx djus 
dh vko';drk gksrh gS tks lajpukRed Hkkj dks Hkh 
c<+krk gSA ç;ksx'kkyk us flfyd‚u ,i‚Dlh jky] 
jaxæO;] Hkjko] irys inkFkZ] ¶yksjhu&vk/kkfjr ;kstd] 
xhyk djus ,oa QSy tkus okys ,tsaV rFkk lalk/ku 
djus okys ,tsaV ;qä ,d Lo&Lrjh—r isaV ç.kkyh 
fodflr dh gSA dksfVax nks jaxksa esa rS;kj dh xbZ gS% 
xzs vkSj ukjaxhA bls 60 ± 5 µm eksVkbZ ds ,d dksV 
esa yxk;k tkrk gSA mi;ksx ds ckn] ,i‚Dlh jky 
uhps vkSj de lrg ÅtkZ okyh flfyd‚u jky 'kh"kZ 

ij te tkrh gSA nks&ijr i`FkDdj.k ¼Lrjhdj.k½ 
dk ra= uhps fn, x, fp= esa n'kkZ;k x;k gSA 

Lrjhdj.k dk ;kstukc) çfrfuf/kRo

LdSfuax bysDVª‚u ekbØksLdksih ¼SEM½ fo'ys"k.k 
ls irk pyrk gS fd fupyh ijr esa ,i‚Dlh jky vkSj 
Åijh ijr esa ¶yksjksflfyd‚u jky gSA 

,aVh&vkbflax dksfVax ifjos'k ds rkieku ij Bhd 
gksus ;ksX;] etcwr] Lçs djus ;ksX; gS vkSj 12 eghuksa 
rd ,aVh&vkbflax xq.k çnku djrh gSA ;g dksfVax 
ç—fr esa gkbMªksQksfcd gS ¼mPp laidZ dks.k >110½ rFkk 
blesa cgqr fuEu cQZ vklatu 'kfä ¼50-52 kPa½ Hkh gS 
tks cQZ ds teko dks de djrh gSA ;g mR—"V ;kaf=d 
xq.k] FkeZy pØ çfrjks/k ds lkFk&lkFk LoPNrk cuk, 
j[kus esa vklkuh çnf'kZr djrk gSA dksfVax esa ,fFkyhu 
Xykbd‚y] çksiyhu Xykbd‚y] bFksu‚y] Q‚LQsV ,LVj 
gkbMªksfyd rsy] ik;jksykbTM rsy] cSVjh ,flM vkSj 
[kfut&vk/kkfjr gkbMªksfyd rsy tSls fofHkUu rjy 
inkFkksaZ ds fy, çfrjks/k gSA ;w,oh TAPAS ds rhu 
,;jÝse ij ,aVh&vkbflax dksfVax dk vuqç;ksx iwjk 
gks pqdk gSA

,lbZ,e }kjk Lrjhdj.k dh iqf"V

Fluorosilicone top layer

Epoxy bottom layer

SEM image
Å"ek&jks/kh dksfVax

Coating 
for exterior 

bulkheads of 
ship
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fofHkUu mi&fLFkfr;ksa ij cQZ vklatu 'kfä

foeku ds dSuksih ds fy, ikjn'khZ dksfVax
foeku dh foaMLØhu vkSj dSuksih ikjn'khZ lkexzh 

ls cuh gksrh gSA ;g ik;yV ds fy, ekSlejks/kh vkSj 
lqjf{kr okrkoj.k çnku djus ds fy, d‚dfiV dks 
doj djrh gSA bUgsa mudh vklku çfØ;k'khyrk 
vkSj okafNr ok;qxfrdh; vkdkj çnku djus ds fy, 
lapuh;rk ds dkj.k fo'ks"k çdkj ds i‚fyej ls cuk;k 
tkrk gSA LVsYFk dSuksih dks fLFkj vkos'kksa ds fuekZ.k dks 
jksdus vkSj mM+ku ds nkSjku jMkj {kh.ku çnku djus ds 
fy, pkyd lkexzh dh ,d iryh ijr ds lkFk ysfir 
fd;k tkrk gSA gkyk¡fd] bl dksfVax esa lhfer [kjksap 
çfrjks/k gksrk gSA

UAV ril

Leading 
edges

Horizontal  
Tail

UAV ds vxz.kh fdukjksa vkSj 
{kSfrt iwaN ij ,aVh&vkbflax 
dksfVaXl yxkbZ tk jgh gS

LCA rstl

ç;ksx'kkyk us ikjn'khZ lqj{kkRed dksfVax fodflr 
dh gS ftls fcuk blds jMkj ijkorZd xq.kksa ;k v‚fIVdy 
ikjnf'kZrk ls le>kSrk fd, pkyd LVhYFk dksfVax ds 
Åij yxk;k tkrk gS A dksfVax dks flyksDlsu&vk/kkfjr 
jky dk mi;ksx djds fodflr fd;k x;k gSA lalk/ku 
vkSj lq[kkus ds ckn] ;g ,d dBksj vkSj ikjn'khZ ijr 
cukrh gSA ;g pkyd LVhYFk dksfVax dh jMkj vo'kks"k.k 
fo'ks"krkvksa esa gLr{ksi ugha djrh gSA ,u,evkj,y  
}kjk fodflr ikjn'khZ dksfVax ds lkFk ysfir dSuksih 
lClVªsV dk laçs"k.k 200&800 nm jsat esa ;woh&–'; 
LisDVªksQksVksehVj dk mi;ksx djds ekik x;k gSA 
,u,evkj,y dksfVax us visf{kr lapj.k {kerk > 90% 
çnf'kZr dhA 

dksfVax dh ikjnf'kZrk ikjn'khZ dksfVax ds lkFk 
ysfir ilZisDl ,sØsfyd 

'khV

ikjn'khZ dksfVax dh fo'ks"krk,¡
iSjkehVj voyksdu

mifLFkfr lkQ jax gYdk LVª‚ 
fyfDoM

';kurk, mPa.s 40-50

fof'k"V xq#Ro, g/cc 1.155

vk.kfod Hkkj, g/mole < 1000

lS)kafrd flfyd‚u 
lkexzh, w/w% 

70-74

i`"B ruko, mN/m 24.42

vLFkk;h la{kkj.k laj{k.k ds fy, ihyscy  
dksfVax

ihyscy dksfVax dk mi;ksx lajpukvksa@Hkkxksa@
QkLVujksa dks la{kkj.k@[kjksap@ikuh ds fjlko vkfn 
ls vLFkk;h :i ls cpkus ds fy, fd;k tk ldrk gSA 
bl dksfVax fQYe dks vko';drkuqlkj eSU;qvy :i ls 
ihy fd;k tk ldrk gSA ;g okrkoj.k ds vk/kkj ij 
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6&10 eghuksa ds fy, uhps dh lrg dks la{kkj.k ls cpk 
ldrk gSA ihyscy dksfVax dks lh/ks /kkrq vkSj xSj&/kkrq 
lClVªsV ij yxk;k tk ldrk gSA bls ,i‚Dlh 
i‚yh;wjsFksu vkfn ds lkFk ysfir oLrqvksa ij Hkh yxk;k 
tk ldrk gSA ihyscy dksfVax dk mi;ksx HkaMkj.k vkSj 
ifjogu ds nkSjku [kjksap vkSj la{kkj.k ls isaV dh xbZ 
lajpukvksa@Hkkxksa@QkLVujksa dks vLFkk;h :i ls cpkus 
ds fy, fd;k tkrk gSA dksfVax dks vko';drk iM+us 
ij vklkuh ls ihy fd;k tk ldrk gSA

ç;ksx'kkyk us LVkbjhu ,fFkyhu C;wfVyhu LVkbjhu 
Vsjiksfyej] ,lbZch,l jcj&vk/kkfjr  fiyscy dksfVax 
fodflr dh gS ftldk mi;ksx lajpukvksa@Hkkxksa@
QkLVujksa dks la{kkj.k@[kjksap@ikuh ds fjlko ls 
vLFkk;h :i ls cpkus ds fy, fd;k tkrk gSA bls cz'k 
;k Lçs rduhd }kjk] yxHkx 45-50µm dh lw[kh fQYe 
eksVkbZ ij yxk;k tk ldrk gSA ysfir oLrqvksa dks 
Ng eghus rd la{kkj.k ls cpk;k tk ldrk gSA pwafd 
dksfVax dks de vklatu ds fy, rS;kj fd;k x;k gS] 
blfy, bls tc Hkh vko';drk gks vklkuh ls ihy 
fd;k tk ldrk gSA ,u,evkj,y us bl dksfVax ds 
fy, Hkkjrh; isVsaV nk;j fd;k gSA

  jcj vk/kkfjr ihyscy dksfVax

FkeZyh Lçs;cy v‚xsZfud dksfVax
FkeZyh Lçs;cy i‚yhesfjd dksfVax ubZ rduhdksa 

esa ls ,d gS] ftlesa mPp vk.kfod Hkkj okys i‚fyej 
dks fi?kyk;k tkrk gS vkSj /kkrq dh lrgksa dks çfrdwy 
okrkoj.k ls cpkus ds fy, dksfVax ds :i esa yxk;k 
tkrk gSA pwafd bu i‚fyej dks lkekU; l‚YoSaV~l esa 
ugha ?kksyk tk ldrk gS] blfy, lrg ij dksfVax ds 
:i esa fi?kykus vkSj tek djus ds fy, ¶yse Lçsbax 
dk mi;ksx fd;k tkrk gSA bu dksfVaXl esa ikmMj 
dksfVaXl dh rqyuk esa mPp jklk;fud çfrjks/k vkSj 
csgrj ;kaf=d xq.k gksrs gSaA bUgsa rkRdkfyd fQYe 
fuekZ.k ds lkFk cM+h /kkrq lajpukvksa ij yxk;k tk 
ldrk gSA dksfVax esa vksojdksV djus dh {kerk gksrh 

gS vkSj bldh ejEer djuk vklku gksrk gSA foyk;d 
eqä dksfVax gksus ds dkj.k] ikjaifjd isaV ds foijhr 
lhfer {ks=ksa esa blds mi;ksx ds nkSjku vkx dk dksbZ 
[krjk ugha gksrk gSA

ç;ksx'kkyk us dkcZfud i‚fyej ikmMj feJ.kksa 
dk mi;ksx djds bl rduhd ds fodkl esa vxz.kh 
Hkwfedk fuHkkbZ gSA O;kolkf;d :i ls miyC/k i‚fyej 
df.kdkvksa dks ikmMj ds :i esa ihldj yxHkx 250 
µm d.k ds vkdkj esa Lizs ds fy, cuk;k tkrk gSA 
fQj ikmMj dks fofHkUu fixesaV ds lkFk fefJr fd;k 
tkrk gSA FkeZy Lçs xu ls fudyus okys xeZ NhaVksa 
dh çokg'khyrk vkSj lay;u dks csgrj cukus ds fy, 
,fMfVOl Hkh 'kkfey fd, tkrs gSaA

fixesaVsM i‚fyefjd ikmMj dks FkeZy Lçs flLVe 
dk mi;ksx djds lkQ vkSj lanw"k.k eqä /kkrq dh lrg 
ij yxk;k tkrk gSA blesa ,d ¶yse Lçs xu] QhM LV‚d 
esVsfj;y daVsuj vkSj QhfMax eSdsfuTe] bZa/ku xSlsa] ¶yks 
ehVj] vkSj çs'kj jsxqysVj ds lkFk dSfj;j xSl vkSj ,;j 
daçslj 'kkfey gSaA bl çfØ;k esa] QhM LV‚d esVsfj;y 
dks Lçs xu dh uksd ij yxkrkj j[kk tkrk gS] tgka bls 
bZa/ku xSl dh ykS esa fi?kyk;k tkrk gS vkSj dSfj;j xSl 
dh ,d /kkjk esa lClVªsV rd igqapk;k tkrk gSA mi;ksx 
ds nkSjku] rkieku dks fu;af=r fd;k tkrk gS vkSj 
i‚fyej ds vi?kVu rkieku ls uhps cuk, j[kk tkrk 
gSA mi;ksx ds dqN gh feuVksa ds Hkhrj] dksfVax te tkrh 
gS vkSj lrg ij mi;ksx ds fy, rS;kj gks tkrh gSA

¶yse Lçs iz.kkyh dk n`';

FkeZyh Lçscy i‚yhesfjd dksfVax dk mi;ksx cM+h 
lajpukvksa] tfVy vkdkj dh oLrqvksa] jklk;fud 
gSaMfyax okfgdkvksa] xSj&Toyu'khy lrgksa vkfn ij 
fd;k tk ldrk gSA dksfVax ,Iyhds'ku lsVvi iksVsZcy 
gS vkSj bls [kqys okrkoj.k esa bLrseky fd;k tk ldrk 
gSA FkeZy Lçs dksfVax dh vo/kkj.kk ç;ksx'kkyk Lrj 
ij fl) gks pqdh gSA ukSlsuk ds mi;ksx ds fy, bl 
dksfVax ds vuqç;ksx dk irk yxk;k tk jgk gSA
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¶yse Lçs V‚pZ dk n`';

¶yse Lçs fof/k }kjk tfVy vkdkj dh 
oLrqvksa ij dksfVax

ekbØksdSIlwy dh 'kSy vk—fr foKku njkj dk mipkj 

njkj ¼lQsn½ Hkjh xbZ njkj

T0 T0+90 s

jax cnyus okyh la{kkj.k laosnh dksfVax

la{kkj.k dh 'kq#vkr 
ds dkj.k yky jax 

ds /kCcs 

la{kkj.k ds fcuk 
dksfVax

7 fnuksa ds ckn dksfVaXl ds 
ukbfDoLV Iy‚V

lsYQ&ghfyax LekVZ dksfVaXl
isaV dk iz;ksx vkerkSj ij ltkoV vkSj lqj{kk ds 

fy, fd;k tkrk gSA lfoZl ds nkSjku] ;s dbZ rjg dh 
f?klko çfØ;k ls xqtjrs gSa vkSj ,slh fLFkfr esa igqap tkrs 
gSa tc dksfVaXl dks uohuhdj.k dh vko';drk gksrh gSA 
lcls vke dksfVax nks"kksa esa ls ,d lfoZl ds nkSjku isaV 
fQYe esa njkjsa cuuk gSA ;s njkjsa ueh vkSj vU; la{kkj.k 
mRçsj.k ,tsaVksa dks /kkrq dh lrg rd igqapus vkSj la{kkj.k 
çfØ;k 'kq: djus nsrh gSa] isaV fQYe dk fo?kVu gksrk gS] 
ftlls vukòr /kkrq i;kZoj.k ds laidZ esa vkrh gSA ;fn 
ekbØksØSd mRiUu gksrs gh ;g  Bhd gks tk,a] rks dksfVax 
dks vkSj vf/kd uqdlku ls cpk;k tk ldrk gS vkSj isaV 
fQYe dh lsok thou dks c<+k;k tk ldrk gS tks cnys 
esa lajpukvksa ds thou dks c<+krk gSA isaV esa ghfyax ,tsaV 
ls Hkjs ekbØksdSIlwy dks 'kkfey djds bls gkfly fd;k 
x;k gSA tc njkj mRiUu gksrh gS] rks ekbØksdSIlwy ds 
VwVus ds dkj.k ghfyax ,tsaV fudyrk gS vkSj njkj dks 
Hkj dj nsrk gSA ;g varfuZfgr LekVZ xq.k dksfVaXl ds 
lsok thou dks c<+krk gSA

ç;ksx'kkyk us flfyd‚u la'kksf/kr ,YdsM&jsftu 
vk/kkfjr V‚i dksV vkSj ,i‚Dlh&jsftu vk/kkfjr çkbej 
okyh ,d isaV ç.kkyh fodflr dh gSA gok esa lq[kkus 
okys flfyd‚u la'kksf/kr ,YdsM&jky vk/kkfjr isaV esa 
ekbØksdSIlwy gksrs gSa] ftuesa ghfyax ,tsaV gksrk gSA 
tc V‚i dksV esa {kfr gksrh gS] rks dSIlwy QV tkrs gSa 
vkSj dksj eVsfj;y ¼ghfyax ,tsaV½ fudy tkrk gSA ;g 
v‚DlhMsfVo i‚yhejkbts'ku ls xqtjrk gS vkSj njkj 
dh ejEer djrk gSA {kkj laosnu'khy ekbØksdSIlwy 
esa lekfgr la{kkj.k vojks/kdksa dks çkbej esa 'kkfey 
fd;k x;k gSA la{kkj.k vojks/kd {kkjh; ih,p fLFkfr;ksa 
ds rgr eqDr gksrs gSa tks /kkrq dksfVax baVjQsl ij 
la{kkj.k çfrfØ;k dh 'kq#vkr ds nkSjku mRiUu gksrh 
gSA lsYQ&ghfyax LekVZ dksfVaXl dks lQyrkiwoZd 
fodflr fd;k x;k gS vkSj bldh dk;Zç.kkyh dks 
ç;ksx'kkyk esa çnf'kZr fd;k x;k gSA

la{kkj.k laosnu dksfVaXl
/kkrq lajpukvksa ds la{kkj.k laj{k.k ds fy, isaV 

vuqç;ksx lcls fdQk;rh rjhdk gSA çR;kf'kr lsok 
thou ls igys isaV@dksfVax dh foQyrk] Hk;kog 
nq?kZVukvksa dk dkj.k cu ldrh gS ftlls vkfFkZd vkSj 
tu'kfä dh gkfu gks ldrh gSA ç—fr esa fuf"Ø; gksus 
ds dkj.k] ikjaifjd isaV la{kkj.k laosnu xq.k çnf'kZr 
ugha djrs gSa tks isaV dksfVax ds {kj.k vkSj /kkrq&dksfVax 
baVjQsl ij la{kkj.k dh 'kq#vkr dk ladsr ns ldsaA

ç;ksx'kkyk us dksfVax fQYe ds uhps la{kkj.k 
dk tYnh irk yxkus ds fy, nks çdkj dh LekVZ 
la{kkj.k laosnu dksfVaXl fodflr dh gSaA fodflr 
isaV la{kkj.k ds fy, laosnd ds :i esa dk;Z djrs 
gSa vkSj la{kkj.k ds 'kq#vkrh pj.kksa esa dSFkksfMd vkSj 
,uksfMd çfrfØ;kvksa dk irk yxkrs gSaA dksfVaXl jax 
ifjorZu ;k çfrnhfIr ifjorZu ds ek/;e ls la{kkj.k  
dh 'kq#vkr dk irk yxkrh gSaA jax cnyus okyh 
dksfVax esa QsusFkzksykbu&la'kksf/kr ,i‚Dlh jsftu dk 
mi;ksx fd;k tkrk gS tks /kkrq&dksfVax baVjQsl ij 
la{kkj.k gksus ij jax ds /kCcs fn[kkrk gSA

blh rjg] ¶yksjkslsaV&la'kksf/kr dksfVax mu txgksa 
ij ¶yksjkslsaV Li‚V fn[kkrh gS tgka isaV fQYe ds uhps 
tax yxrh gSA dksfVax la{kkj.k dh 'kq#vkrh psrkouh 



¶yksjkslsal&vk/kkfjr la{kkj.k laosnu dksfVax

la{kkj.k ds fcuk 
UV çdk'k ds rgr 
dksfVax

la{kkj.k dh 'kq#vkr 
ds dkj.k dksfVax esa 
¶yksjkslsaV Li‚V ¼UV 

çdk'k ds rgr½

50 fnuksa ds ckn dksfVaXl ds ukbfDoLV Iy‚V 

ds :i esa dk;Z djrh gS vkSj la{kkj.k dh 'kq#vkr ls 
fuiVus ds fy, mfpr mik; djus ds fy, vR;f/kd 
mi;ksxh gSA

la{kkj.k laj{k.k 
dksfVaXl ds fy, 
ijh{k.k lqfo/kk,¡

ç;ksx'kkyk esa lajpukvksa ds la{kkj.k laj{k.k ds 
fy, isaV ds vuqla/kku] fodkl vkSj ijh{k.k ds fy, 
,d iw.kZ lqfo/kk gSA ;g isaV fuekZ.k ds fy, jsftu dh 
rS;kjh ds fy, midj.kksa ls vPNh rjg lqlfTtr gSA 
isaV rS;kj djus dh lqfo/kkvksa esa c‚y fey] ,fVªVj 
fey] vYVªklksfudsVj] Fkzh jksy fey vkSj gkbZ&LihM 
fMLilZj 'kkfey gSaA lq[kkus ds xq.kksa ds fy, gkMZ 
MªkbZax midj.k] isaV foLdksflVh di] Ckzqd QhYM 
foLdksehVj vkSj foLdksflVh ds fy, jksVks&foLdksehVj] 
isaV ,Iyhds'ku ds fy, ,;j vkSj ,;jysl Lçs flLVe 
dk mi;ksx isaV xq.kksa dks fu/kkZfjr djus ds fy, fd;k 
tkrk gSA

lw[kh fQYe fo'ks"krkvksa dks ekius ds fy,] 'kq"d 
fQYe eksVkbZ xst] ped xq.kksa ds fy, Xy‚l ehVj] 
yphykiu ds fy, 'kaDokdkj] vkSj csyukdkj eksM+ 
ijh{kd] rU; 'kfä] c<+ko vkSj vklatu xq.kksa ds 
fy, ;wfuolZy Vslkby e'khu] ?k"kZ.k çfrjks/k ds fy, 
VScj ?k"kZ.k ijh{kd] xSj&fLdM dksfVaXl ds ?k"kZ.k 
xq.kksa ds fy, ?k"kZ.k xq.kkad ijh{kd] dksfVax dBksjrk 
ds fy, [kjksap çfrjks/k ijh{kd] {ks= eki ds fy, 
iksVsZcy vklatu ijh{kd dk mi;ksx dksfVax fo'ks"krk 
ds fy, fd;k tkrk gSA fofHkUu i;kZoj.kh; d{k 
tSls] isaV la{kkj.k vksou] leqæh ty foltZu VSad] 
bEçsLM djaV dSFkksfMd laj{k.k lsVvi] ued Lçs d{k] 
;woh osnjksehVj dk mi;ksx la{kkj.k çfrjks/k xq.kksa dk 
vkdyu djus ds fy, fd;k tkrk gSA isaV dh xbZ 
lrgksa ij cQZ ds vklatu xq.kksa dk v/;;u djus 
ds fy, ,d fo'ks"k lqfo/kk] cQZ vklatu ijh{kd dh 
LFkkiuk dh xbZ gSA

mi;qZä ds vykok] isaV vkSj dPps eky dh tkap 
ds fy, ç;ksx'kkyk esa d.k vkdkj fo'ys"kd] LdSfuax 
bysDVª‚u ekbØksLdksi] ,Dl&js foorZu] ,V‚fed QkslZ 
ekbØksLdksi] DSC, DMA, TGA tSlh vk/kqfud y{k.k 
o.kZu rduhdsa Hkh miyC/k gSaA

NaBH4 Hk.Mkj VSad Li"V 
{kkj çfrjks/kh dksfVax 

vLrj ds lkFk

'kq: esa] ysfir uewuksa ds fy, fufDoLV Iy‚V ladsr 
nsrs gSa fd os la{kkj.k ls lqj{kk ds fy, vko';d >1 
MΩ cm2 dk visf{kr /kzqohdj.k çfrjks/k çnf'kZr dj jgs 
gSaA la{kkjd leqæh ty esa Mwcus ds ckn dksfVaXl us 
la{kkj.k dh 'kq#vkr ds dkj.k jax ;k çfrnhfIr Li‚V 
lQyrkiwoZd fn[kk,A la{kkj.k dh 'kq#vkr ds ckn 
,d ckj fQj /kzqohdj.k çfrjks/k ekik x;k tks < 1 MΩ 
cm2 ik;k x;k tks ysfir uewuksa ij ns[ks x, jax ;k 
çfrnhfIr Li‚V ls iqf"V djrk gSA

{kkj jks/kh dksfVaXl
,u,evkj,y us /kkrq] dkap] 

fljsfed] vkSj i‚fyefjd lClVªsV 
ds fy, ,d {kkj çfrjks/kh dksfVax 
fodflr dh gSA ;g dksfVax 
lajpuk flaFksfVd jcj d‚iksyhej 
vkSj ,i‚Dlh jky ds feJ.k ij 
vk/kkfjr gS] vkSj ,d mi;qä 
gkMZuj ds lkFk lalkf/kr dh xbZ 

gSA ;g 100 ± 5 µm dh lw[kh fQYe eksVkbZ ds lkFk 
lrgksa ij ,d Li"V dksfVax dk mRiknu djrh gSA bl 
dksfVax dks vR;f/kd {kkjh; inkFkksaZ ds HkaMkj.k ds fy, 
mi;ksx fd, tkus okys daVsujksa ij yxk;k tk ldrk 
gSA bl dksfVax dks lksfM;e cksjksgkbMªkbM LVksjst VSad 
¼,vkbZih flLVe esa mi;ksx fd;k tk jgk gS½ ykbfuax 
,Iyhds'ku ds fy, fodflr fd;k x;k gSA bl dksfVax 
ds ç;ksx'kkyk Lrj ds ijh{k.k iwjs gks pqds gSa vkSj 
çn'kZu larks"ktud ik;k x;k gSA ,u,evkj,y us bl 
dksfVax ds fy, Hkkjrh; isVsaV nk;j fd;k gSA
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ßfdlh ,d er dks Lohdkj dj ysuk foKku }kjk vkRegR;k djus ds lkeku gSAÞ

izkS|ksfxdh fo'ks"k


